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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 



[0001] This application is based on Japanese Patent Application No. 2003- 
101366 filed on April 4, 2003, the contents of which are hereby incorporated by 
reference. 



BACKGROUND OF THE INVENTION 

Field of the Invention 
[0002] The present invention relates to a semiconductor integrated circuit 
device having a MOS transistor. More particularly, the present invention relates 
to a semiconductor integrated circuit device provided with a means for preventing 
a backflow current in a MOS transistor. 

Description of the Prior Art 
[0003] Some semiconductor integrated circuit devices incorporate a P-channel 
MOS transistor Q5 having a supply voltage V DD applied to the source and backgate 
thereof as shown in Fig. 4. In this MOS transistor Q5, a parasitic diode D5 is 
formed from the drain to the backgate. 

[0004] As a result, when the MOS transistor Q5 is reversely biased, and a voltage 
higher than the forward voltage of the parasitic diode is applied between the source 
and drain, the parasitic diode D5 turns on, and a backflow current flows through 
the parasitic diode D5. 

[0005] Various semiconductor integrated circuit devices have conventionally 
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been proposed that are provided with a means for preventing such a backflow 
current. For example, in the regulator shown in Fig. 5, between, at one end, the 
conducting terminal tl and backgate of a P-channel MOS transistor Ql serving as 
an output transistor and, at the other, a power supply terminal 1 to which a supply 
voltage V DD is applied, there is provided a P-channel MOS transistor Q2 that 
functions as a power supply shut-off switch. The conducting terminal t4 of the 
MOS transistor Q2 is connected to the power supply terminal 1, and the 
conducting terminal t3, backgate, and gate of the MOS transistor Q2 is connected to 
the conducting terminal tl and backgate of the MOS transistor Ql. The 
conducting terminal t2 of the MOS transistor Ql is connected to an output terminal 
2. In the regulator shown in Fig. 5, when a voltage higher than the supply voltage 
V DD is applied from outside to the output terminal 2, the MOS transistor Q2 turns 
off, and this prevents a backflow current. 

[0006] On the other hand, in the output stage circuit proposed in Japanese 
Patent Application Laid-Open No. H10-341141, between, at one end, the 
conducting terminal and backgate of a P-channel MOS output transistor and, at the 
other, a power supply terminal to which an external supply voltage is applied, 
there is provided a power supply shut-off switch so that, when a supply voltage 
monitoring circuit recognizes a drop in the supply voltage, the power supply shut- 
off switch is turned off, and this prevents a backflow current. 

[0007] However, in the regulator shown in Fig. 5, since the gate and conducting 
terminal t3 of the MOS transistor Q2 are connected together, in normal operation 
(the operation performed when the supply voltage V DD is higher than the voltage 



V OUT at the output terminal 2), it is impossible to make the voltage between the gate 
and conducting terminal t4 of the MOS transistor Q2 sufficiently high, and thus, in 
normal operation, the voltage between the conducting terminals t3 and t4 of the 
MOS transistor Q2 is high. This means that the on-state resistance of the MOS 
transistor Q2 is high in normal operation. This makes it impossible to reduce the 
voltage loss in normal operation. 

[0008] On the other hand, in the output stage circuit proposed in Japanese 
Patent Application Laid-Open No. HlO-341141, no consideration is given at all to 
the on-state resistance of the power supply shut-off switch. This makes it 
impossible, in a case where the on-state resistance of the power supply shut-off 
switch is high, to reduce the voltage loss in normal operation (the operation 
performed when the external supply voltage is higher than a predetermined level). 

SUMMARY OF THE INVENTION 
[0009] An object of the present invention is to provide a semiconductor 
integrated circuit device that can prevent a backflow current and that operates with 
low voltage loss in normal operation. 

[0010] To achieve the above object, according to the present invention, a 
semiconductor integrated circuit device is provided with: a first MOS transistor 
that has a first gate, a first backgate, a first conducting region, and a second 
conducting region, and that has the first backgate and the first conducting region 
thereof electrically connected together; a second MOS transistor that has a second 
gate, a second backgate, a third conducting region, and a fourth conducting region, 
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that has the second backgate and the third conducting region thereof electrically 
connected to the first backgate and the first conducting region, and that receives a 
first direct-current voltage at the fourth conducting region thereof; a comparator 
that compares the first direct-current voltage with a second direct-current voltage 
outputted from the second conducting region; and a switch that operates according 
to the output of the comparator so as to connect, when the first direct-current 
voltage is higher than the second direct-current voltage, the second gate to a 
predetermined potential and, when the first direct-current voltage is lower than the 
second direct-current voltage, the second gate to the third conducting region or to 
the second conducting region. 

[0011] In this configuration, in a reversely-biased state, i.e., when the first 
direct-current voltage is lower than the second direct-current voltage, the second 
MOS transistor turns off, and this prevents a backflow current in the first MOS 
transistor. On the other hand, in normal operation, i.e., when the first direct- 
current voltage is higher than the second direct-current voltage, the gate of the 
second MOS transistor is connected to the predetermined potential, and this makes 
it possible to reduce the on-state resistance of the second MOS transistor. Thus, it 
is possible to reduce the voltage loss in normal operation. Here, the on-state 
resistance of the second MOS transistor is at its minimum when the gate thereof is 
connected to ground, and therefore, in normal operation, i.e., when the first direct- 
current voltage is higher than the second direct-current voltage, it is preferable that 
the gate of the second MOS transistor be connected to ground. 

[0012] By using MOS transistors of the same conductivity as the first and second 
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MOS transistors, it is possible to prevent, by the action of the parasitic diode 
formed within the second MOS transistor, the backflow current caused by the 
parasitic diode formed within the first MOS transistor. Since a P-channel MOS 
transistor can be formed in a smaller size than an N-channel MOS transistor, it is 
preferable to use P-channel MOS transistors as both the first and second MOS 
transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] This and other objects and features of the present invention will become 
clear from the following description, taken in conjunction with the preferred 
embodiments with reference to the accompanying drawings in which: 

Fig. 1 is a diagram showing an example of the configuration of a regulator 
embodying the invention; 

Fig. 2 is a diagram showing another example of the configuration of a 
regulator embodying the invention; 

Fig. 3 is a diagram showing a practical example of the circuit configuration 
of the regulator shown in Fig. 2; 

Fig. 4 is a diagram showing the P-channel MOS transistor used in a 
semiconductor integrated circuit; and 

Fig. 5 is a diagram showing an example of the configuration of a 
conventional semiconductor integrated circuit device. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0014] As an example of a semiconductor integrated circuit device embodying 
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the invention, a regulator will be described below. Fig. 1 shows an example of the 
configuration of a regulator embodying the invention. It should be noted that, in 
Fig. 1, such circuit elements as are found also in Fig. 5 are identified with the same 
reference numerals, and their detailed explanations will not be repeated. 

[0015] The regulator shown in Fig. 1 is provided with a power supply terminal 1, 
an output terminal 2, a reference voltage source 3, an error amplifier 4, a switch 5, 
a comparator 6, P-channel MOS transistors Ql and Q2, and resistors Rl and R2. 

[0016] Between the power supply terminal 1 and the output terminal 2, the 
MOS transistors Ql and Q2 are connected in series. Specifically, the power 
supply terminal 1 is connected to the conducting terminal t4 of the MOS transistor 
Q2; the backgate and conducting terminal t3 of the MOS transistor Q2 is connected 
to the conducting terminal tl and backgate of the MOS transistor Ql, and the 
conducting terminal t2 of the MOS transistor Ql is connected to the output 
terminal 2. Here, it should be noted that, in the MOS transistor Ql, a parasitic 
diode Dl is formed in the direction indicated in the figure, i.e., from the conducting 
terminal t2 to the backgate, and that, in the MOS transistor Q2, a parasitic diode D2 
is formed in the direction indicated in the figure, i.e., from the conducting terminal 
t4 to the backgate. 

[0017] The resistors Rl and R2 are connected in series to form an output voltage 
detection circuit, of which one end is connected to the node at which the MOS 
transistor Ql and the output terminal 2 are connected together, and of which the 
other end is grounded. The node at which the resistors Rl and R2 are connected 



together is connected to the non-inverting input terminal of the error amplifier 4. 
The reference voltage source 3 feeds a reference voltage Vrep to the inverting input 
terminal of the error amplifier 4. The output signal of the error amplifier 4 is fed 
to the gate of the MOS transistor Ql. 

[0018] The non-inverting input terminal of the comparator 6 is connected to the 
node at which the power supply terminal 1 and the MOS transistor Q2 are 
connected together, and the inverting input terminal of the comparator 6 is 
connected to the node at which the output terminal 2, the MOS transistor Ql, and 
the resistor Rl are connected together. The output signal of the comparator 6 is 
fed to the switch 5. 

[0019] The switch 5 has contacts 5a, 5b, and 5c, and how these contacts 5a to 5c 
are connected together is switched according to the output of the comparator 6. 
The contact 5a of the switch 5 is connected to the gate of the MOS transistor Q2; 
the contact 5b of the switch 5 is grounded, and the contact 5c of the switch 5 is 
connected to the node at which the MOS transistors Ql and Q2 are connected 
together. 

[0020] Now, the operation of the regulator configured as described above will be 
described. First, a description will be given of its normal operation (the operation 
that it performs when the supply voltage V DD is higher than the voltage V OUT at the 
output terminal 2). The comparator 6 compares the supply voltage V DD and the 
voltage V OUT at the output terminal 2, and, if the supply voltage V DD is higher than 
the voltage V OUT at the output terminal 2, the comparator 6 controls the switch 5 so 
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that the contacts 5a and 5b thereof are connected together. When the contacts 5a 
and 5b of the switch 5 are connected together, the gate of the MOS transistor Q2 is 
grounded, and thus the voltage between the gate and conducting terminal t3 of the 
MOS transistor Q2 is nearly equal to the supply voltage V DD . This causes the on- 
state resistance of the MOS transistor Q2 to be at its minimum, and thus helps 
reduce the voltage loss. 

[0021] The MOS transistor Ql produces the voltage V OUT by subtracting the 
voltage equal to the voltage drop between the conducting terminals tl and t2 
thereof from the voltage fed from the conducting terminal t3 of the MOS transistor 
Q2, and then feeds the voltage V OUT to the output terminal 2. 

[0022] The output voltage detection circuit, composed of the resistors Rl and R2, 
divides the voltage V OUT , and the error amplifier 4 feeds a control signal 
commensurate with the difference between the resulting division voltage and the 
reference voltage Vref to the MOS transistor Ql. Through this feedback control, 
the voltage V OUT is kept at a predetermined level. 

[0023] Next, a description will be given of the operation that the regulator 
performs when the supply voltage V DD becomes lower than the voltage V OUT at the 
output terminal 2, for example when the supply voltage V DD is short-circuited to 
ground, or when a high voltage is applied from outside to the output terminal 2. 
The comparator 6 compares the supply voltage V DD and the voltage V OUT at the 
output terminal 2, and, if the supply voltage V DD is lower than the voltage V OUT at 
the output terminal 2, the comparator 6 controls the switch 5 so that the contacts 
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5a and 5c thereof are connected together. When the contacts 5a and 5c of the 
switch 5 are connected together, with the potential at the conducting terminal t3 
higher than the potential at the conducting terminal t4, the gate and conducting 
terminal t3 of the MOS transistor Q2 are short-circuited together. This turns the 
MOS transistor Q2 off, and thus no backflow current flows from the output 
terminal 2 to the power supply terminal 1. 

[0024] In the regulator shown in Fig. 1, a state in which a backflow current is 
likely (i.e., a state in which the supply voltage V DD is lower than the voltage V OUT at 
the output terminal 2) is directly detected by the comparator 6, and, based of the 
result of this detection, the MOS transistor Q2 is turned off. This makes it 
possible to surely prevent a backflow current. 

[0025] Moreover, MOS transistors of the same conductivity type (P-channel) are 
used as both the MOS transistors Ql and Q2 so that, by the action of the parasitic 
diode D2 formed within the MOS transistor Q2, a backflow current caused by the 
parasitic diode Dl formed within the MOS transistor Ql is prevented. By forming 
the MOS transistor Q2 functioning as a power supply shut-off switch in 
approximately the same transistor size as the MOS transistor Ql functioning as a 
power transistor, it is possible to further reduce the on-state resistance of the MOS 
transistor Q2 in normal operation. 

[0026] In a case where the supply voltage V DD is supplied from a car battery, due 
to the way in which the car battery is practically used, the supply voltage V DD may 
instantaneously drop or even be short-circuited to ground. To prevent 
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malfunctioning of the load (for example, a microcomputer) connected to the output 
terminal 2 of the regulator even in such a case, a high-capacitance output capacitor 
is connected to the output terminal 2 to stabilize the voltage V OUT at the output 
terminal 2. 

[0027] When the regulator shown in Fig. 1 is used with the supply voltage V DD 
supplied from a car battery and with a load and a high-capacitance output 
capacitor connected to the output terminal 2 as described above, in a circumstance 
where the supply voltage V DD drops greatly, the regulator is brought into a state in 
which a backflow current is likely (a state in which the supply voltage V DD is lower 
than the voltage V OUT at the output terminal 2). Since the regulator shown in Fig. 
1 is so configured as to surely prevent a backflow current even in a state in which a 
backflow current is likely, it can suitably be used as a power supply device for car- 
mounted appliances such as car stereo systems and car navigation systems. 

[0028] The same advantages as achieved by the regulator shown in Fig. 1 can be 
obtained also when the contact 5c of the switch 5 is connected not to the node at 
which the MOS transistors Ql and Q2 are connected together but to the node at 
which the MOS transistor Ql, the resistor Rl, the comparator 6, and the output 
terminal 2 are connected together as shown in Fig. 2. 

[0029] Fig. 3 shows a practical example of the circuit configuration of the 
regulator shown in Fig. 2. It should be noted that, in Fig. 3, such circuit elements 
as are found also in Fig. 1 are identified with the same reference numerals, and 
their detailed explanations will not be repeated. 
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[0030] The gate of the MOS transistor Q2 is connected to the conducting 
terminal t8 of a MOS transistor Q4, the backgate and conducting terminal t7 of the 
MOS transistor Q4 is connected to the conducting terminal t5 and backgate of a 
MOS transistor Q3, and the conducting terminal t6 of the MOS transistor Q3 is 
connected through a resistor R4 to the output terminal 2. Here, it should be noted 
that, in the MOS transistor Q3, a parasitic diode D3 is formed in the direction 
indicated in the figure, i.e., from the conducting terminal t6 to the backgate, and 
that, in the MOS transistor Q4, a parasitic diode D4 is formed in the direction 
indicated in the figure, i.e., from the conducting terminal t8 to the backgate. One 
end of a resistor R3 is connected to the input terminal 1, and the other end of the 
resistor Rl is connected to the gate of the MOS transistor Q3 and to the gate of the 
MOS transistor Q4. The input terminal 1 is connected, through a resistor 5 and a 
Zener diode ZDl, to the gate of the MOS transistor Q2, and the gate of the MOS 
transistor Q2 is grounded through a resistor R6. 

[0031] Here, the voltage between the gate and conducting terminal t6 of the 
MOS transistor Q3 is referred to in order to compare the supply voltage V DD and the 
voltage V OUT at the output terminal 2. This helps achieve a wider dynamic range. 

[0032] In the configuration described above, in normal operation, the MOS 
transistor Q3 remains off, Thus, the parasitic diode D3 remains on, and 
accordingly, unless a current through the parasitic diode D3 is not prevented by the 
action of the parasitic diode D4 within the MOS transistor Q4, the gate potential of 
the MOS transistor Q2 does not drop to the ground level but remains equal to the 
voltage V OUT minus the V F of the MOS transistor Q3. This is prevented by the 
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provision of the MOS transistor Q4. 

[0033] In normal operation, the MOS transistors Q3 and Q4 remain off, and in 
addition no currents flow through the parasitic diodes D3 and D4. Thus, the gate 
potential of the MOS transistor Q2 is determined by the supply voltage V DD minus 
the Zener voltage of the Zener diode ZDl, and thus can be set equal to the ground 
potential. On the other hand, when the supply voltage V DD is lower than the 
voltage V OUT at the output terminal 2, the MOS transistors Q3 and Q4 remain on, 
and the MOS transistor Q2 remains off. Thus, no backflow current flows from the 
output terminal 2 to the power supply terminal 1. 

[0034] The above descriptions deal only with examples in which the voltage 
detection circuit for detecting the voltage V OUT at the output terminal 2 is built as a 
resistance voltage division circuit. It is, however, also possible to use instead a 
voltage detection circuit configured in any other manner. The above descriptions 
deal only with examples in which the contact 5b of the switch 5 is connected to 
ground. It is, however, also possible to connect the contact 5b of the switch 5 to a 
potential other than that of ground so long as the potential is such as to turn the 
MOS transistor Q2 on. 
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